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Abstract  
Agro-based waste can be used as an additive material in the 
construction industry. Agro-based materials such as palm kernel shells 
(PKS) were chosen for this study. PKS are produced in large quantities. 
Hence, using PKS as an additive may increase concrete durability and 
contribute to a cleaner environment. As PKS is able to improve the 
compressive strength of concrete even though its bulk density is much 
less than standard aggregates which is 1850 kg/m 3, the overall project 
cost could be reduced by about 42%. The results also satisfied the 
strength requirement for lightweight concrete brick durability for 
structural purposes. 
 
Keywords—palm kernel shell, bricks, cement sand bricks, building and 
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1. INTRODUCTION 
This paper reviews the use of palm oil which has increased almost 
threefold over the past three decades. The total production of palm oil 
was estimated at 45.1 million tonnes for the year 2009–2010 in which 
Indonesia and Malaysia produced about 85% of the total production 
and each of them produced over 18 million tons of palm oil [1]. 
According to M. J. Shannag (2000), lightweight concrete is becoming 
more and more popular in the construction sector for many reasons. 
Smaller structural elements can be taken due to a reduction in dead 
load, taller building height can be attained by keeping the same 
foundation and greater span-depth ratio is possible for beams in pre-
stressed concrete construction [2]. Such sustainable environments can 
be promoted through the proper consumption or recycling of palm oil 
waste materials. Palm kernel shells are hard and do not easily 
deteriorate. However, the water absorption capacity of the shell is high 
as it ranges between 21% to 33% after being subjected to 24 hours of 
submersion. This value implies that the PKS absorbs more water than 
conventional gravel aggregates [3]. PKS can be utilised to develop 
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normal strength concrete with a compressive strength between 20 to 30 
MPa if the materials are mixed using a proper mix design [4] 
2. PALM OIL FUEL ASH (POFA) 
POFA is a solid waste by-product of the palm oil industry obtained in the 
form of ash from the burning of palm oil husk and palm kernel shells used 
as fuel in steam boilers at palm oil mills. The collected ash is dried for 24 
hours before being sieved and then immersed in water to separate 
materials which are not burned completely. Floating material is 
considered as organic material and will be removed from the POFA.  
POFA can be used as constituents in concrete due to its pozzolanic 
properties. Many researchers have studied the use of POFA in normal 
concrete [5,17], high strength concrete [6,18], and lightweight 
concrete, including foam concrete [7]. Previous studies have revealed 
that agricultural waste ash contains a high amount of silica which is a 
pozzolanic material. POFA is one of the agro waste ashes whose 
chemical composition contains a large amount of silica. Thus, it can 
potentially be used as a cement replacement. Due to the high silica 
oxide content in POFA which possesses pozzolanic properties, it has the 
potential to be used as a cement replacement or as a filler to produce 
strong and durable concrete. 
2.1 Physical Structure of Palm Kernel Shell  
There is no single type of shape that can be used to describe the palm 
kernel shell. The shape depends on how the kernel shell is cracked 
open. Roughly parabolic or semi-circular shapes, flaky shapes and other 
irregular shapes are some of the common shapes of palm kernel shells 
(see Fig. 1). 
 
 
 
 
 
 
       
 
Fig. 1: Palm Kernel Shell [13] 
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2.1.1 Surface Texture and Thickness 
The concave and convex surfaces of the shell are smooth but the 
edges may be rough and spiky. The thickness of the palm kernel shell 
depends on the species of the palm tree from which the palm nut is 
obtained. Some shells may be as thin as 1.5 mm while others have a 
thickness of more than 4 mm. However, most shells have a thickness 
measuring between 2 and 3 mm. 
2.1.2 Materials 
The lightweight foam concrete with POFA consists of four types of raw 
material, namely Portland Pozzoland Cement, POFA, water, and foam. 
It does not contain coarse and fine aggregates. Foam concrete is 
produced by adding pre-formed foam to mortar mass. The amount of 
the foam controls the density of foam concrete.   Portland Pozzolan 
Cement (PPC) Type I from a single source was used throughout the 
experimental program.  The physical and chemical properties of PPC 
were not examined in this study since the material has been certified 
according to the Indonesian Standard (SNI) 03-2847-2002. However, a 
physical inspection was conducted on the condition of the packaging 
as well as the condition of the cement grains which are still in good 
condition. Foam is a form of bubbles produced by mixing the foam 
agent and water using a foam generator. The foam controls the density 
of the lightweight foamed concrete through the incorporation of pre-
formed foam into the fresh concrete mix. For this study, the ratio of 
foaming agent to water is 1:30 by volume. Water is one of the most 
important constituents for the hydration process to produce concrete. 
The water used should not contain any other substances as the 
presence of any other substance can negatively affect the hydration 
process of cement as well as the durability of concrete. Drinking water 
was used during the experiments [8]. 
2.2 Thermal Properties 
The low thermal conductivity of palm kernel shell concrete is probably 
due to its high porosity. The thermal conductivity through poor 
conductors is brought about mainly by heat waves produced by the 
lattice vibration due to the thermal motion of the molecules. Hence, the 
high porosity exhibited by palm kernel shell concrete probably helps in 
reducing the propagation of waves. The pores also contain air 
molecules which have very low thermal conductivity [9-10]. 
 
2.3 Properties of constituents of PKS concrete 
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Table SEQ Table \* ARABIC 1. The PKS Properties [11] 
The PKS used were collected from an artisanal mill at Missérété and 
were freshly discarded. The shells were thoroughly rinsed with potable 
water and dried in the sun. The shells were stored in containers. Most of 
the shells had a thickness ranging between 1.50 to 2.50 mm. The OPKS 
aggregate came in flaky, angular or polygonal shapes. The surface 
texture of the OPKS was fairly smooth. The broken edges were rough 
and pointy. The shells used were in a saturated surface dry (SSD) 
condition. The particle size of sand and OPKS ranged between 0 and 10 
mm and 1 −and 16 mm, respectively. The other measured physical 
properties of OPKS were compared with those obtained by previous 
authors, as shown in Table 1. 
 
3.0 Lightweight Concrete 
Most lightweight concrete consists of factory-made expanded clay, 
shale and so on. The concrete produced using lightweight materials 
have a wide range of densities and strength. However, for structural use, 
concrete of grade 20 and above is preferred. In South Asia, the use of 
lightweight concrete is not common due to a lack of understanding of 
the production technique for lightweight aggregate and insufﬁcient 
information about the structural performance of lightweight concrete. 
However, recent efforts have been made by researchers on the use of 
agricultural waste such as palm oil kernel shells to produce structural 
lightweight concrete in Asia and Africa [11]. 
4.0 Literature Review 
Concrete-based materials have been used in the construction industry 
for centuries. There are both positive and negative effects when the 
weight of concrete is reduced. According to Okpala (1990), the use of 
lightweight aggregates may successfully reduce concrete weight [9]. In 
2013, the annual production of bricks worldwide was 1391 billion units 
and the demand for bricks is expected to continue to rise [12].  
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Graph 1: Compressing strength by Okafor in his 1988 paper 
[4] 
Most bricks which are manufactured are cement sand bricks. They are 
normally used in the construction of walls where the bricks are jointed 
through established bonding arrangement. Cement sand brick is an 
abundant raw material with a variety of uses and properties. It is a 
complex of group of materials that consist of minerals, each having 
different mineralogy, geological occurrence, technology and 
applications. In the construction industry, there are many types of bricks 
used. The common function of bricks in the construction industry is to 
build walls.  
 
The following sub-section will explain the types of bricks which are 
commonly used in the construction industry The compressive strength 
used in brick specifications has assumed great importance for two 
reasons. According to Adeola (1977), the higher the compressive 
strength, the greater the flexural strength and resistance abrasion of 
concrete [13]. The amount of water that a brick can absorb is measured 
through the water absorption test. Pores constitute a large part of a 
brick’s volume. When bricks are exposed to rainfall or moisture, water 
generally penetrates the pores. Water absorption then determines the 
capacity of the fluid to be stored and circulated within the brick [14-15]. 
 
4.1  Comparison of Results 
 
 
 
 
 
 
 
 
 
in graph 1, it is possible to differentiate the performance of two 
aggregates (Okafor, 1988). These two aggregates of differing strengths 
have a water-cement ratio of 0.48. The strength of the concrete is 
dependent to some extent upon the strength of the aggregate. For 
concrete made of palm kernel shell-aggregate, the failure in 
compression was governed by the strength of the aggregate as 
indicated by the examination of broken cubes. The crushed granite-
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Fig. 3: Compressing strength by Munir in his 2015 
paper [15] 
aggregate from the control mix resulted in an average compressive 
strength of 15.0 MPa which is stronger than the compressive strength of 
palm kernel shell concrete of all ages.  
 
 
 
 
 
 
 
 
 
Fig. 2 shows the compressive strength of foam concrete at 28 days for 
each specific gravity (SG) for all proportions of Palm Oil Fuel Ash (POFA) 
based on Okpala’s (1990) study. The compressive strength of POFA 
decreased when the proportion of POFA increased in the concrete mix. 
This results in the reduction of compressive strength of foam concrete 
with POFA as the additive material. However, the physical and chemical 
properties used in this experiment differed as POFA is used in this 
experiment as an additive. Graph 2 shows that the compressive strength 
of the samples decreases linearly along with the addition of POFA. The 
addition of 50% of POFA yields the lowest compressive strength on 
average both for SG 1.0 and SG 0.8 at 3.72 MPa and 1.40 MPa, 
respectively. 
 
 
 
 
 
 
 
 
Fig.  2: Compressing strength by Okpala in his 1990 
paper [10] 
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In graph 3, the compressive strength of concrete samples and a 
hydration period up to the age of 90 days for mixed ratios of 1: 1:2 and 
1:2:4 of POFA are displayed (Munir, 2015). The compressive strength of 
the samples continued to increase with age. However, the increase was 
not linear. It decreased with the hydration period. For example, for the 
1:1:2 mix, the ratios for hydration periods of 14 to 7 days, 28 to 14 days 
and 90 to 28 days were 1.27, 1.20 and 1.13 respectively. Meanwhile, for 
the 1: 2: 4 mix, the ratios for hydration periods of 14 to 7 days, 28 to 14 
days and 90 to 28 days were 1.25, 1.22 and 1.14 respectively. Besides, 
the hydration product occupies the space once occupied by the 
cement grains and some of the interstitial spaces originally filled with 
water [16, 19-20]. 
5.0 CONCLUSION  
From all three papers reviewed, conclusions can be drawn based on 
the tests carried out on the possible use of PKS and/or POFA as a coarse 
aggregate or an additive material in concrete. Okafor concluded that 
PKS concrete requires a higher proportion of fine aggregate than a 
similar concrete made of crushed granite aggregate. The relative 
density and bulk density of palm oil kernel shells is within the range of 
most typical lightweight aggregates and produces concrete with a 
density of approximately 1758 kg/m 3 which is slightly above the middle 
range for structural lightweight concrete.  
 
While Okpala finalises his results by saying that the POKS is dark grey to 
black in colour, it actually has two faces: the inner face which is 
relatively smooth and the outer face which can either be rough or 
smooth depending on how the shell is extracted. On the other hand, 
the industrial by-product of palm oil mills in the form of palm oil fuel ash 
(POFA) can be used as a partial replacement for cement in concrete 
mixes. POFA can be used to replace up to 50% of cement by weight. 
The results indicate the potential use of POFA in foam concrete 
production for non-structural buildings. 
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